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提供了丰富的 11B，13C 和 19F 核磁共振信息。因此，值得进行深入的研究。
本论文的主要工作之一可以归结如下： 
一、利用密度泛函理论研究三(三氟甲基)硼化合物 11B，13C 和 19F NMR
化 学 位 移 。 应 用 GIAO 方 法 在 B3LYP/6-31+G(d,p)//B3LYP/6-31G* 和
B3LYP/6-311+G(d,p)//B3LYP/ 6-311+G(d,p)水平计算了一些三氟甲基硼化合
物的 11B, 13C, 和 19F NMR 化学位移、化学屏蔽。计算中考虑了溶剂化效应，
使用了 PCM 模型。11B 和 13C(F3)计算值与实验值符合的很好。 
二、我们还对对这些硼化合物的结构进行了优化和比较。探讨了所计算
的化学位移和几何结构之间的关系，并给出了(CF3)3BCO 分子的 9 个不等价氟
原子只有一个单一共振峰的原因。9 个不等价的氟原子只观测到一个共振峰归
因于 CF3 基团绕 B-C 键快速旋转。 
三、最后，我们对溶剂化效应对化学位移的影响进行了讨论。PCM 对计
算 结 果 产 生 了 很 小 的 影 响 。 对 于 13C(X, X = O, N) ， 
B3LYP/6-311+G(d,p)//B3LYP/6-311+G(d,p) 计 算 结 果 的 平 均 绝 对 偏 差 比
B3LYP/6-31+G(d,p)//B3LYP/6-31G*略小。对于 19F，当不考虑溶剂化效应时，
















了相反的趋势。所计算的(CF3)3BCO 的 19F 和 11B 化学屏蔽很大程度上依赖于
所优化的结构，结构参数对 13C 化学屏蔽的影响很小。 
在过去的 30 年里，双过氧钒配合物的合成及其与小分子相互作用一直是
化学和生物学研究的热点之一。本论文的另一项主要工作是：在模拟生理条
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Information for the determination of individual molecular structures and even 
for the deduction of some chemical properties can in principle be extracted from 
related NMR experimental data. Tris(trifluoromethyl)boron complexes have 
unusual properties and may find applications in many fields of chemistry, biology, 
and physics. Therefore, deeper investigation is worthwhile. The main conclusions 
are summarized as follows: 
1. To gain insight into their NMR properties, the isotropic 11B, 13C and 19F NMR 
chemical shifts of a series of tris(trifluoromethyl)boron complexes were 
systematically studied using the gauge-included atomic orbitals (GIAO) method at 
the level of B3LYP/6-31+G(d,p)//B3LYP/6-31G* and B3LYP/6-311+G(d,p) 
//B3LYP/6-311+G(d, p). Solvent effects were taken into account by polarizable 
continuum models (PCM). The calculated results are in good agreement with the 
experimental values. 
2. The reason that the structurally inequivalent fluorine atoms in a specific 
species give a same chemical shift in experimental measurements is the fast 
rotation of CF3 group around B-C(F3) bond due to the low energy barrier. The 
calculated 11B, 13C(F3), and 19F chemical shifts are in good agreement with the 
experimental measurements, while the deviations of calculated 13C(X, X = O, N) 
chemical shifts are slightly large. 
3. For the latter, the average absolute deviations of the results from 
B3LYP/6-311+G(d,p)//B3LYP/6-311+G(d,p) are smaller than those from B3LYP 
















values. The calculated 19F and 11B chemical shieldings of (CF3)3BCO are greatly 
dependent on the optimized structures, while the influence of structural parameters 
on the calculated 13C chemical shieldings is minor. 
In the past three decades, the interactions between peroxovanadates and organic 
ligands have attracted great interest in both chemistry and biology. In this work, 
multinuclear NMR (1H, 13C 、14N and 51V), multidimensional (DOSY, HMQC) 
and variable temperature NMR, together with theoretical calculations were utilized 
to study the above interaction systems. Through the combination of these methods, 
structures of all species in interaction systems were obtained and a better 
understanding of the experimental phenomena was achieved. The main 
conclusions are summarized as follows: 
1. NMR and theoretical study were used to study the interactions between diper- 
oxovanadates and small organic molecules such as pyridine-like ligands. A 
spectroscopic method was established to explore this type of interactions. It is 
worth mentioning that DOSY can be used to analyze the chemical structures and 
components of mixtures without chemical separation. This makes it important for 
the investigation of complicated mixtures avoiding time-consuming separation and 
purification that may destroy the inspected system. 
2. Theoretical calculations were also performed to explore the different 
behaviors of the species in the interaction systems between bpV(oxa) and Gly-His 
in gas phase. The DFT calculations show that the polydentate ligand binds to the 
oxygen atoms of bpV via hydrogen binding in gas phase. 
3. A new diperoxovanadate crystal NH4{OV(O2)2[Picolinamide]}•H2O was 
synthesized. The crystal was obtained from the interaction system, 
NH4VO3/H2O2/Picolinamide, in aqueous solution under the physiological 
conditions, and the complex was characterized by solution NMR, and X-ray 
crystal diffraction.  
 
Key words: tris(trifluoromethyl)boron complexes; DFT; NMR; chemical shifts;  

























在。直到 1808 年，硼才被英国科学家Humphry Davy爵士 (1778-1829) , 
Joseph-Louis Gay-Lussac (1778-1850) 和法国科学家Louis Jaques Thenard 
(1777-1857)各自制备出来(用钾还原硼酸)。它的命名boron来源于阿拉伯语 
"buraq"和波斯语 "burah"[2]。 




5 B 5 B
4焦/摩，气化热约 5.08×105焦/摩。原子



































































    [ ][ ]4CCl3 3 3 3 3BF Me SnCF Me Sn CF BF+ ⎯⎯⎯→ 3                   (1.1) 
[ ][ ] [ ] ( )4CCl3 3 3 3 3 3 3 2 32Me Sn CF BF Me SnCF Me Sn CF BF Me SnF⎡ ⎤+ ⎯⎯⎯→ +⎣ ⎦  
2003 年，Molander等人[17]发现使用(三氟甲基)三甲基硅烷可以把CF3基团
添加到三甲氧基硼酸上(方程 1.2)。 




体硼衍生物是可能的[9,10]。该类硼烷由于含有N取代基减少了B的酸性。              
另一种转移CF3的方法是把与硼键合的配体转换成三氟甲基基团。这种
合成方法的一个理想选择是具有热和化学稳定性的四氰硼酸盐阴离子
[B(CN)4]− [11]。该物质很容易在 300o C 从K[BF4]/KCN/LiCl的混合物中形成
[14,16]。 在无水氟化氢中的[B(CN)4]−阴离子与ClF 或 ClF3反应产生[B(CF3)4]− 
阴离子产率约为 60％，纯度为 95％(方程 1.3)[12,15]。 







子[3-5,7]。例如：0.96 摩Li[B (CF3)4] 溶解在碳酸乙烯酯，碳酸二乙酯，碳酸二










































































F3BCO -200 [18] 7.6 [34] 2.89 [35] 2151 [36]
(C6F5)3BCO -100 [27] 38 [37] 1.61 [37] 2230 [27]
(CF3)3BCO 0 [27] 112 [27] 1.62 [27] 2269 [27]
H3BCO 10 [27] 90  1.53 [38] 2165 [39]
(BF2)3BCO 20 [30]   1.52 [30] 2162 [28]
(BCl2)3BCO 20 [30]   1.54 [30] 2176 [30]
1,10-B10H8(CO)2 200 [29]     2147 [29]






反应条件进行优化，才能通过和X=F, Cl, O, S, Se, Te, N进行配体交换反应合成
(CF3)3BX类型物种。 
图 1. 2 a 给出了至今为止已研究的与亲核试剂的加成反应的概述。图表
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